Daily temperatures were then assessed in 3 time lags: for the day of the event (lag 0), and for the previous 24 h (lag 1) and 48 h (lag 2). Daily temperatures were then categorized in 3 exposure groups (< 75th, 75-95th and > 95th percentiles). The risk of OIs was assessed as odds ratio (OR) calculated through a Poisson regression model controlled for age, sex, ethnicity and time period, and assuming OI rates for days on which temperature was comprised in < 75th percentile exposure groups as the referent ones. Results: Estimated incidence of OIs during the study period was 3.4±2.3 events/day. The peak of work-related accidents occurred on days characterized by severe thermal conditions, and in particular during heat waves (incidence rate ratio = 1.09, 95% confidence interval (CI): 1.02-1.17, p = 0.0165). Days having temperatures higher than 95th percentile, assessed as daily average, both on current days (OR = 1.119, 95% CI: 1.008-1.242) and in lag 1 (OR = 1.125, 95% CI: 1.013-1.249), as well as daily maximum temperatures, were at the highest risk of work-related injuries (OR = 1.144, 95% CI: 1.029-1.272). Conclusions: In conclusion, presented findings recommend policymakers to develop appropriate warning/alert systems for agricultural workers regarding high environmental temperatures. Int J Occup Med Environ Health 2018;31(3):317 -331
INTRODUCTION
During the last decades, average global surface temperatures have steadily increased, with more hot days and warm nights, fewer cool days and cold nights, and more frequent, hotter and longer heatwaves (HWs) [1] [2] [3] . Available estimates suggest that the increased magnitude and frequency of extreme events would ultimately lead to a significant excess in morbidity and mortality for cardiovascular and respiratory illnesses, and that the climate changes will presumptively increase both the incidence and the severity of these effects [4] [5] [6] [7] [8] [9] [10] [11] [12] , in particular in Mediterranean-like climates [13] . migrant background [33, 34] , part-time or seasonal workers, and "hobby farmers" (i.e., subjects running a farm as a hobby rather than as means of making a living), the number of which usually surges during hot moths and the harvest season, including subjects who otherwise spend little time outdoor [25, 29, 35] . Hence, many AWs may continue to work beyond a safe heat exposure limit as they are unaware of the risks associated with the heat exposure or have inappropriate knowledge of the preventive measures, as avoiding the hottest hours of the day for most strenuous physical exertion or increasing the water intake, in particular during the HWs [13, 30] . As climate change effects gradually progress, the importance of understanding the impact of hot climate on injuries in AWs and preventing them through appropriate preparedness and emergency response plans in the workplace has become a growing challenge for occupational health and safety [2, 16, 28, 36] . However, despite 4.6% of the total European Union workforce is still engaged in the agricultural sector, little data is available from Western Europe, and more specifically its Alpine regions, where a significant percentage share of the general population is still employed in the primary sector, with a high ratio of self-employed farmers, and where the occupational health and safety preventive practices are strictly regulated [5, 30, [37] [38] [39] [40] . The primary objective of this study was therefore to evaluate the relationship between high air temperature and OIs in AWs from the subalpine Autonomous Province of Trento (APT) during the time period 2000-2013. The secondary objective was similarly to retrospectively assess whether an increased rate of OIs is actually associated with HWs.
MATERIAL AND METHODS Settings
Autonomous Province of Trento (APT) is located in Italy's North East, covers a total area of 6214 km 2 (2399 mi 2 ) and has a population of 537 416 habitants (2015 census). The
In certain occupational settings, heat exposure would represent an even greater challenge [5, 14] because of a combination of external thermal environment, heat sources in the workplace, and internal heat generation by strenuous physical activity through muscular work [15] [16] [17] . Evidence suggests that the exposure to high environmental temperatures not only affects workers' capability to undertake physical activities without harm, especially in subjects with pre-existing illnesses [2, 5, [18] [19] [20] [21] [22] [23] [24] but high temperatures would significantly hamper cognition and concentration of the workers, reducing vigilance and increasing fatigue: as a consequence, working during warm weather would also ultimately increase the risk of mistakes, accidents and occupational injuries (OIs) [14, [25] [26] [27] [28] [29] . The risk of heat-related health effects appears to be significantly increased in outdoors workers such as agricultural workers (AWs), for several reasons [5, 30, 31] . First of all, many agricultural activities are performed during the warm season, often requiring the use of personal protective equipment (PPE). As the wearing of PPEs increases physical strain and restricts heat loss from the body, it directly increases the risk for heat-related illness [3, 5, 22, 32] , at the same time prompting some workers to reduce their use, ultimately increasing the risk for incidents associated with the use of chemicals, such as pesticides and fertilizers [28] . Secondly, even though the mechanization of many agricultural activities has restrained the strenuous physical labor carried out by AWs, therefore reducing their vulnerability to environmental and exertional heath stress, many farming activities still requires manual work, also in high income countries (e.g., collection of apples and oranges). Unfortunately, extensive mechanization requires economic resources and access to a suitable energy supply, being often beyond the financial capacity of most agricultural communities in low income countries, and also for some small-sized agricultural enterprises in high income countries [17] . Thirdly, health care and safety training in AWs are frequently inadequate, in particular among subjects with IJOMEH 2018;31(3) 319 nal database included all events notified to the INAIL during the aforementioned time period. Data was preventively anonymized in order to include only economic sector of the worker, age at the time of the event, sex, and country of birth, and eventually incorporated reference to the geographical site (municipality-level detail) and calendar date of the events, the nature of injury, bodily location, mechanism, and agency of injury/disease. In order to identify events that may have been associated with severe heat exposure both directly (e.g., heat illnesses, heat stroke, etc.) and indirectly, because of reduced vigilance and tolerance to physical efforts (e.g., trauma associated with falls; incidents including slipping, dropping tools, and errors of judgement), we applied a broad definition of events, by retrieving all injuries occurring during the warmer months of the year (i.e., May, June, July, August and September) including weekend and holidays, for subjects whose insurance status was identified as AWs, and excluding all cases: -in which description defined as occurred on route, home to work place and vice versa, -associated with animal bites or punctures, -without information on the place of injury, -those in the validation phase, -in which available data did not include detailed information about factors of the working environment potentially modifying actual exposures to high temperatures (i.e., presence of heat sources, but also air conditioning or ventilation), also occupational injuries that clearly occurred indoors were similarly excluded.
Meteorological data
Meteorological data was retrieved from the Meteotrentino Service [42] of the APT for the time period from 1 January 2000 to 31 December 2013. Meteotrentino archive includes data from a total of 214 meteorological stations scattered over the provincial area, allowing to direct link geographical site of OIs, as defined nature of its subalpine territory is overwhelmingly mountainous (20% is over 2000 m and 70% over 1000 m), with forests covering around 50% of the total area: ultimately, the agricultural area only accounts for 22% of the total provincial territory, but in the last 2 centuries agriculture has become the cornerstone for the regional economic development. Agricultural activities are clustered in the lower areas, where weather conditions during summer may be very dangerous for the health of people, as the air temperature may even reach and pass 40°C, the daily average temperature approximates 30°C, and hot climate is frequently associated with high humidity levels and weak winds [37] . According to available labor force statistics, the agricultural sector in APT directly accounts for around 20 000 employees: as available figures report the activity of 16 446 agricultural farms including 11 958 agricultural enterprises, usually of small extent (89% are smaller than 5 ha and 56% smaller than 1 ha), most of AWs are either self-employed or hobby farmers. These figures however don't take into account seasonal and part-time employees, the number of whom may largely exceed full-time employees [37] [38] [39] [40] .
Occupational injuries
Data on all OIs occurred in the APT from 1 January 2000 to 31 December 2013 was retrieved through the institutional database of the National Insurance for Occupational Illness and Injuries (Istituto Nazionale Assicurazione Infortuni sul Lavoro -INAIL) "Information flow INAIL to Regions" ("Flussi Informativi INAIL Regioni") [41] . The National Insurance for Occupational Illness and Injuries insurance is compulsory in the activities that the law defines as risky, and protects workers against damages due to work-related accidents and occupational diseases. Available data included any accident occurring at work and causing a trauma to one or more people. Even though only events causing more than 3 days of absence from work are usually compensated by the INAIL, origi-
Statistical analysis
Continuous variables were tested for normal distribution (D'Agostino and Pearson omnibus normality test): where the corresponding p value was < 0.10, normality distribution was assumed as rejected and variables were compared through Mann-Whitney or Kruskal-Wallis test for multiple independent samples. On the other hand, variables passing the normality check (D'Agostino and Pearson p ≥ 0.10) were compared using the Student's t-test or ANOVA, where appropriate.
Crude rates of injuries per day were calculated for the study period, by day of the week, by month, for HW vs. non-HW time periods, and eventually for the 3 exposure groups (i.e., < 75th percentile, 75-95th percentile, > 95th percentile), the latter assessed as T max and T day (lag 0 to lag 2). We assumed that the recorded events (i.e., OIs) were mutually independent, and although influenced by demographic factors and by the extent of agricultural activities performed in that time period, eventually related to air temperatures. In order to adjust crude rates for factors having a presumptive effect on the outcome variable injury rate, a Poisson regression model was implemented including environmental temperatures as the independent variable and age, sex, ethnicity (i.e., Italian born vs. nonItalian born people), job title (i.e., owner, employee full time, employee part time), progressive day of the week and calendar month as covariates [43] . The model did not include factors such as heat sources in the workplace, noise exposure, use of machineries, type of employment, etc., as not universally available from the reports. Similarly, we did not assess the physical effort at time of the events, as available data was inconsistently appropriate for such characterization. The daily injury rates reported for days comprised in the < 75th percentile groups (T max , T day lag 0 to lag 2) were defined as the referent ones.
Significance level was p < 0.05 for all statistical tests. All the analyses were performed in SPSS 24 (IBM Corp., Armonk, USA).
at municipal level, with air temperature at the time of the accident. Available data included daily maximum temperature of the air (T max ), and daily average air temperature (T day ). As exposure to severe heat has been associated with OIs through a non-linear association, with a presumptive role for cumulative, short-term exposure [1, 3, 7, 29, 35] , T day was assessed in 3 time lags, i.e., for the day of the event (T day lag 0), for the day of the event and during the previous 24 h (T day lag 1), for the day of the event and during the previous 48 h (T day lag 2). In order to assess whether days with higher environmental temperature were actually associated with increased daily rates of OIs, the whole observation period was initially dichotomized as HW time period vs. non-HW time period. Currently, there is no universal definition of a HW, although it may be broadly defined as a prolonged period of excessive heat. In order to more easily compare our results with similar types of research, we have defined a HW event as a time period including at least 3 consecutive days with T max ≥ 35°C [28] . Moreover, collected data from the meteorological stations (i.e., T max , T day lag 0 to lag 2) allowed to categorize all calendar days into 3 exposure groups (i.e., days on which temperatures were < 75th percentile, from 75-95th percentile, higher than 95th percentile).
Ethics
The study included only a retrospective assessment of data available through an Institutional Database, and the analysis was performed as a part of the official duties of the Occupational Health and Safety Unit (L'Unità Operativa di Prevenzione e Sicurezza negli Ambienti di Lavoro -UOPSAL). Personal data was restricted to information about the OIs, and was treated in order to guarantee the respect of privacy of the involved workers, as specifically stated by Italian Law No. 675 of 1996 on personal data protection. Therefore, the study did not require preliminary evaluation by the local Ethical Committee. 
Occupational injuries
During the study period a total of 7325 occupational injuries occurred from May to September, and males (N = 6241) outnumbered females (N = 1084) for 5.8 to 1 ratio. The involved subjects had a mean age of 45±13.7 years old, and males were also significantly younger (44.6±0.2 years) than females (47.3±0.4 years, p < 0.001). Most of events involved prevalently farm owners (63.1%), followed by full-time (24.1%) and parttime employees (13.8%). Overall, 11.5% of the subjects had a migrant background, with Romania (3.2%), Po- T day -daily average air temperature; T max -daily maximum air temperature. * T day was assessed for the day of the event (lag 0), for the day of the event and during the previous 24 h (lag 1), for the day of the event and during the previous 48 h (lag 2). M -mean; SD -standard deviation; Me -median.
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The Table 3 shows the daily rates of OIs by exposure groups for T day (lag 0 to lag 2) and T max , for the whole study period and by month. Focusing on the whole summer season (i.e., May to September), rates of OIs increased from < 75th (M±SD = 3.38±2.31 in T day lag 0, 3.38±2.33 in T day lag 1, 3.39±2.33 in T day lag 2, and 3.39±2.32 in T max ) to > 95th percentile exposure groups (M±SD = 3.75±2.33 in T day lag 0, 3.80±2.52 in T day lag 1, 3.72±2.37 in T day lag 2, and 3.70±2.73 in T max ) but Kruskal-Wallis H test revealed no significant differences among exposure groups (p > 0.05 for all comparisons). Daily OIs rates exhibited a similar trend also when data was broken down by calendar months, as they increased among the calendar months (p < 0.0001), with lower rates in May (M±SD = 3±2.1 events/day) and higher in September (M±SD = 3.9±2.5 events/day). During the working week, daily rates of OIs were also higher from Monday to Friday, and in particular on Monday (M±SD = 4.2±2.4 events/day) (p < 0.0001), being lower on Saturday (M±SD = 2.8±1.75 events/day) and on Sunday (M±SD = 1.2±1.2 events/day). Crude daily rates of OIs were also higher during the HW events (M±SD = 3.7±2.5 vs. 3.4±2.3 events/day) with a correspondent incidence rate ratio (IRR) equal to 1.09 (95% confidence interval (CI): 1.02-1.17, p = 0.0165). Table 1 . associated with increased incidence of OIs in the agricultural settings. Our study is therefore consistent with previous reports suggesting that hot weather conditions might represent a significant risk factor for work-related injuries [3, 25, [27] [28] [29] 35] . A somehow increased risk for occupational injuries was then reported on days having highest T day (lag 0 and lag 1) and T max (i.e., > 95th percentile). Our results are therefore somehow contradictory with previous studies, in which an "inverted U"-shaped curve relationship was rather suggested. In other words, previous evidence suggests that the highest risk for work-related accidents would be reported on days characterized by severe but not extreme thermal conditions whereas days associated with either extreme hot or cold weather would have lower incidence rates [29, 35] . Such evidences are usually explained through behavioral adaptations to severe climates. In other words, workers would avoid most strenuous activities during the hottest days and/or the hottest hours of the working day during the warm season and, similarly, coldest days of the cold season would be perceived as inappropriate to perform outdoor activities [25, 35] . Furthermore, it should be recalled that in most high-income countries, hottest months of the warm season are associated with holidays, and vacations may further contribute to the reduced number of reported events, particularly in salaried workers [3, 25, 28, 29, 35] . These inconsistencies with available literature may be explained recalling some specificities of the agricultural activities in the Subalpine regions. First of all, most of agricultural works follow crop growth [5, 19, 44] . Even though certain agricultural activities may benefit from a short delay when weather conditions are particularly uncomfortable, the majority of agricultural activities have to be performed in a restricted time window, following the timetable imposed by crops and cultivations, not allowing the AWs to usually spare holidays and weekend. Also during the warm season, the timing of irrigation and/or spraying of pesticides is not from < 75th to > 95th percentile exposure group: a notable exception was represented by the month of May, the OIs peak of which was associated with the intermediate exposure group 75-95th percentile for both T max and T day (all time lags). However, differences were statistically significant only for the month of September, all the assessments (T day lag 0 to lag 2, T max : p = 0.020, 0.010, 0.018 and 0.032, respectively), and for the month of June, relatively to T day lag 1 (p = 0.011) and lag 2 (p = 0.015).
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Assuming the rates of OIs occurring on days on which T day (lag 0 to lag 2) was comprised in the < 75th percentile exposure groups as the referent ones, the Poisson regression analysis modeled for the May-September time period identified significantly increased risk of OIs (OR = 1.119, 95% CI: 1.008-1.242, and OR = 1.125, 95% CI: 1.013-1.249) for the > 95th percentile exposure groups as assessed in terms of T day lag 0 and lag 1 whereas no significant differences were found for T day lag 2. Similarly, days on which T max was comprised in the > 95th percentile exposure group was associated with OIs rates (OR = 1.144, 95% CI: 1.029-1.272) significantly greater than that found in the exposure groups T max < 75th percentile and 75-95th percentile (Table 4) . Focusing on the single calendar months, in the month of September days on which T day (lag 0 to lag 2) and T max were comprised in the exposure groups 75-95th percentile and > 95th percentile, the figures were associated with a risk for OIs significantly greater than the referent exposure groups < 75th percentile. A similarly increased risk for OIs was also found for the days comprised in the > 95th exposure groups for the months of June (T max and T day , lag 0 to lag 2), August (T day lag 2) and May (T max ) whereas no differences were found between reference groups and 75-95th exposure groups. interests [48] [49] [50] . In our survey the rates of OIs during weekends were again decreased but not abolished, and even though HWs events should have discouraged agricultural activities, in particular by salaried AWs, we identified a significantly increased incidence of OIs for this specific time frame [3, 25, 28, 29, 35] . Several limitation of our study has to be addressed. Firstly, as data about air humidity, wind speed and solar irradiation was not available for all meteorological stations, only air temperature measures were included in the analysis, and the measurement of air temperature without taking into account broader weather conditions such as radiant heat, air humidity, wind speed and solar irradiation, should be assumed as a rough proxy of the actual exposure [3, 25, 29, 35] . In this regard, it should be stressed that, in a mountainous region such as APT, air temperatures and also other climate factors significantly associated with heat-related health effects such as air humidity and solar irradiation may strikingly fluctuate over a restricted area because of the altitude [31, 47, 51] . In other terms, the assessment of air temperature at municipality level may also be affected by some inaccuracies [29, 35] . However, as available data about air humidity, wind speed and solar irradiation was more diffusely scattered over the area of APT, their inclusion in the exposure assessment would have probably increased its inaccuracy. Secondly, the data regarding the OIs was also affected by some inaccuracies. Available information about occupational injuries was retrieved from an institutional database, the reliability of which may be intrinsically questioned because of reporting bias. Moreover, database did not include accurate description of environmental (e.g., heat sources, extent of exposure to solar radiation, etc.) and individual risk factors for heat-related health effects such as the level of physical activity performed at the time of the event, as wells as the PPE possibly worn at time of the injury, hydration status, drug assumed before the event, etc. [47, 52] .
DISCUSSION
always very flexible and a series of hot, warm days with reduced rainfalls increase the requirements for artificial irrigation, forcing AWs to perform their activities even during HWs [30, 33, 34, [45] [46] [47] . Not coincidentally, in our survey the daily average rate of OIs was similar from June to August, being higher in the calendar months of September and June, with the significant lack of effect for the central months of July and August, otherwise characterized by higher temperatures. Actually, APT is characterized by a reduced number of diverse cultures, mainly apples and vineyards, and pesticide application is usually clustered in the calendar months of June and in the second half of August [3, 4, 9, 27, 35, 47, 48] . The central weeks of summer season are therefore associated with a significant contraction of both workforce, with a substantial shrinkage of its more unskilled component and workload [3, 25, 28, 29, 35] . On the contrary, most of the agricultural activities are performed during the month of September, as it is associated with the harvest of grapes and the picking of fruits, and in the mountainous Alpine and Subalpine regions such as APT, mild or even warm air temperatures are not unusual [37, 39, 45] . In other words, the increased risk for OIs during the months of June and September, as well as the lack of effect for the calendar months of July, may be explained in terms of workload and workforce [39, 40, 45, 47] .
In this regard, it should be stressed that, although temporary workers are usually associated with an increased risk for OIs [39, 40, 45, 47] , the majority of the events included in our survey were reported from self-employed AWs.
Despite the paucity of available data [46] , evidence suggests that self-employed AWs would be at somehow increased risk for OIs, as they not only would personally perform more dangerous procedures (e.g., pesticide dispersal, use of transportation vehicles, etc.) but they also more frequently avoid appropriate preventive measures notwithstanding an appropriate awareness of related health and safety risks because of personal/economic Thirdly, we lacked data about the total number of subjects employed in agricultural activities at the time of recorded accidents. In other terms, it is possible that our assessment ultimately underestimates the actual rates of OIs during the hottest days, at the same time overestimating them when workforce significantly inflates, as during wine harvesting and fruit picking [37] [38] [39] [40] 47, 53, 54] .
CONCLUSIONS
In conclusion, this study confirms previous evidences suggesting that working outdoors with increased air temperatures and during HWs is associated with increased daily rates of occupational injuries. In light of available climate projections, our results are also of valuable interest for policymakers, as they ultimately suggest the opportunity to develop appropriate regulation and guidelines aimed to prevent exposure of AWs to highest air temperatures during the warm season. Even though avoiding agricultural activities during hottest days of the summer season could be acknowledged as a cost-effective preventive measure, the high number of occupational injuries reported among self-employed AWs, during holidays and even during HWs suggest that it may be limitedly effective.
